サイズ分画と脂肪酸組成分析を交えた環境変動下の温帯域内湾における粒状有機物動態の解析 by ZHENG YIZHE
Assessment of Particulate Organic Matter
Dynamics by Size Fractionation and Fatty Acid
Composition Analysis in a Temperate Bay under
Environmental Variations
著者 ZHENG YIZHE
学位授与機関 Tohoku University
学位授与番号 甲第18138号
URL http://hdl.handle.net/10097/00125256
  ジョン   イジョウ 
氏 名   郑   翊喆 
研究科，専攻の名称 東北大学大学院工学研究科（博士課程）土木工学専攻 
学 位 論 文 題 目          Assessment of Particulate Organic Matter Dynamics by Size 
Fractionation and Fatty Acid Composition Analysis in a  
Temperate Bay under Environmental Variations 
(サイズ分画と脂肪酸組成分析を交えた環境変動下の温帯域内湾 
における粒状有機物動態の解析) 
論 文 審 査 委 員          主査 東北大学教授 西村 修 東北大学教授 李 玉友 
  東北大学准教授 坂巻 隆史 
論文内容要約 
Particulate organic matter (POM) is vital to the marine ecosystems because their decomposition and 
accumulation affect dissolved oxygen (DO) in bottom layers. Meanwhile, their productivity affect consumers 
in communities via food chains which further link with the biological productivity and diversity of higher 
trophic levels. Recently, POM dynamics in temperate bays are not affected only by offshore and river inputs 
but also altered by various types of environmental changes (e.g. global warming). Thus, it is necessary to 
enhance the understanding of the linkage between POM dynamics and multiple environmental variations 
in coastal systems. Previous POM dynamics studies generally examine POM as one size fraction. However, 
ecological functions of POM, such as their growth rate, metabolic rate, nutrient absorption rate and sinking 
rate of microorganisms, are considered to be dependent on size. Consequently, it is needed to separate POM 
into different size fractions considering their dynamics. With only size fractionation, qualitative variation of 
POM can be obscure particularly when multiple POM sources are involved in a same size fraction. To solve 
this problem, fatty acids (FAs) composition were also combined in this study since they can distinguish the 
biological origins of POM. In a word, the main objective of this research was to analyses the POM dynamics 
under environmental variations in a temperate bay, Shizugawa Bay, based on size fractionation and FAs 
composition analyses. Shizugawa Bay has strong annual variation of Oyashio current intrusion as well as a 
consistent long-term trend of water temperature increase. In this study, a 3-year field work from 2015-2017 
(Chapter 3) as well as a short-term (3 days) light-dark bottle and a relatively longer (3 weeks) incubation 
experiments (Chapter 4 & 5) were conducted to investigate the single and interactive effects of nutrient and 
temperature on the dynamics (especially the POM production) of the size-fractioned POM. 
In chapter 3, I examined the spatial and temporal variations of size-fractioned POM in Shizugawa bay 
conducting 3-year field survey to figure out which biological and environmental factors more importantly 
control those dynamics. Both the concentration and composition of POM in all size fractions showed that the 
temporal variance was greater than the spatial variance. In addition, the greater temporal variance of bulk 
POM seemed to be contributed most from the large size faction (20~250 μm). In particular, the significant 
correlations between phytoplankton biomarkers (i.e. FAs specific to algae) and POC concentration in this 
size indicated the great contribution of temporal change by phytoplankton community. It was considered 
that assessment by size fractionation and FAs composition is effective for examining both concentration and 
composition change of POM. The weak spatial variation may be caused by the relatively higher openness of 
Shizugawa Bay which may result in its spatial homogeneity. Furthermore, patterns of temporal variation of 
bulk POM composition and potential effects of environment factors were also displayed. Both POC and FAs 
biomarkers’ concentrations were relatively higher in warmer seasons (spring & summer) from 2015 to 2017 
possibly due to nutrient inputs from Oyashio with an optimal thermal condition. Comparing the POM 
concentration in summer among 3 years observation, that in 2016 was the lowest which may be due to a 
nitrogen limitation and possibly attributable to a great influence of the Kuroshio current in that year. 
Results gave us an implication that besides nutrient source from river inputs, both Oyashio and Kuroshio 
currents from the offshore system can profoundly affect the POM dynamics in temperate bays. 
  In chapter 4, to finger out the diverse temporal variations among different size fractions of POM, their 
responses to potential environment factors were examined conducting short-term (3 days) microcosm 
incubation experiments. I tested both the function (i.e. production and respiration) of size-fractioned POM as 
well as the single impacts of nutrient addition and temperature change on those functions. Results showed 
that both production and respiration were highest in the intermediate size fraction (2~20 μm) of the summer 
seawater sample. The highest production ability in this size could be explained by the relatively higher total 
concentration of FAs specific to algae. On one hand, with nutrient addition, the production of large size 
fraction (20~250 μm) profoundly increased. Meanwhile, the change of temperature by ±3 ℃ promoted the 
production of the large (20~250 μm) as well as the intermediate size fraction (2~20 μm). Furthermore, 
another important finding was that the response of largest size fraction (20~250 μm) was slower than the 
intermediate size fraction (2~20 μm). This may be due to its lowest initial FAs concentration unit biomass. 
However, I also found that the production response of largest size fraction (20~250 μm) to both 
environmental changes was greater than the other size fraction after 3-day incubation. This can explain the 
greatest temporal variation of POM concentration in this size fraction of previous chapter. On the other 
hand, the environmental changes did not significantly affect the respirations of each size fraction. 
In chapter 5, to finger out how the response of production ability to environmental change will reflect to 
the actual POM dynamics, I tested the interactive effects of nutrient addition and temperature increase on 
size-fractioned POM production. Furthermore, I discussed the mechanism of POM production, specifically 
testing whether size shift or species shift of plankton community more importantly explain the change of 
chemical compositions (i.e. FAs specific to algae) of size-fractionated POM. As a result, production of FAs 
specific to algae greatly contribute to POM production. A weak interaction between nutrient addition and 
temperature increase were found in the FAs concentration specific to algae for the large size (20~250 μm) 
POM after 3-week incubation. A simultaneous increases of both nutrient and temperature potentially 
increase the FAs concentration specific to algae of smaller size (0.7~20 μm) POM, but decrease that of larger 
size (20~250 μm) POM. It is potentially due to the high nutrient uptake rate and increased photosynthetic 
ability under temperature rising for smaller size algae. Significant changes of the POM concentration were 
mainly due to the nutrient addition. The weak but significant effect of temperature increase on the 
production of POM was also found but that came out slowly than the nutrient addition effect. Furthermore, 
the change of size-fractionated FAs specific to algae was attributable to species shift of plankton community. 
In particular, the increase of small size POM was mainly due to the production of blue-green algae, while the 
reduction of large size POM was mainly due to decrease of diatom under the interactive effects. 
Since a strong annual variation of environmental conditions were found in Shizugawa bay caused by the 
Oyashio and Kuroshio currents from field survey in chapter 3. It is necessary to understand the POM 
dynamics in details by continuous field work. Size fractionation is effective to provide more details about 
POM dynamics especially under strong temporal variations in the temperate bay because each size fraction 
performed diverse temporal variation patterns. Furthermore, by combining size fraction with the molecular 
biomarkers of FA composition, the insights into details of multiple POM sources inside each size fraction can 
also be provided. Indeed, which size and biological origin of POM can greatly influence its dynamics have 
become clear by this method. Besides the annually-variable impacts from Oyashio and Kuroshio currents, 
POM dynamics in the temperate bay also easily affected by environmental perturbations from from land use 
and global warming effects. Continuous monitoring are needed to detect those changes. Separating the POM 
into large (20~250 μm) and smaller size fraction (0.7~20 μm) as in chapter 5 could be combined into the 
model to improve the accuracy of response to environmental variations because POM in these two fractions 
performed diverse response to environmental variation. Parameters related to the response of these two 
different size fractions should be determined separately before applying into the model. 
